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•	 The	 process	 of	 domestication	 often	 involves	 a	 complex	 genetic	 structure	with	
contributions	from	multiple	founder	populations,	interspecific	hybridization,	chro-
mosomal	 introgressions,	and	polyploidization	events	 that	occurred	hundreds	 to	
thousands	of	years	earlier.	These	complex	origins	complicate	the	systematic	study	
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1  | INTRODUC TION
Darwin's	 treatise	 (Darwin,	 1868)	 on	 variation	 and	 domestication	
sparked	over	a	century	of	research	into	the	patterns	of	variation	that	
are	found	in	domesticated	plants	and	animals.	The	evolutionary	his-
tories	 of	major	 domesticated	 food	 crops	 such	 as	wheat,	 soybean,	
rice,	and	maize	have	been	well‐studied	by	geneticists,	evolutionary	
biologists,	 and	 anthropologists	 interested	 in	 multiple	 aspects	 of	
their	divergence	from	wild	progenitors	(Kantar,	Nashoba,	Anderson,	
















human–plant	 interactions	 have	 changed	 drastically	 since	 the	 time	
when	 landraces	were	selected.	Factors	such	as	 increased	 levels	of	














the	Atlantic	Coastal	 Forests	 of	 southeastern	Brazil.	 This	 ornamental	
houseplant	has	a	well‐documented	domestication	history	covering	the	
brief	200	years	 since	 it	was	 first	 collected	 from	natural	populations.	
S. speciosa	belongs	to	the	monophyletic	tribe	Sinningieae,	a	relatively	









S. speciosa	 is	 an	excellent	model	 for	 studying	plant	domestica-
tion	for	several	reasons.	First,	it	is	of	relatively	recent	introduction	
(ca.	200	years),	so	founder	population	alleles	may	remain	well‐rep-
resented	 among	 extant	 natural	 populations.	Moreover,	 given	 that	
most	cultivated	forms	of	S. speciosa	have	been	maintained	and	bred	












numerous	written	 and	 pictorial	 records	 in	 horticultural	magazines	











high‐throughput	 next‐generation	 DNA	 sequencing	 with	 the	 con-
struction	of	highly	multiplexed	pools	of	reduced‐representation	ge-
nomic	libraries	to	provide	genome‐wide	genotyping	at	an	affordable	
•	 Our	findings,	 in	conjunction	with	other	features	such	as	a	small,	 low‐complexity	
genome,	ease	of	cultivation,	and	rapid	generation	time,	makes	this	species	an	at-
tractive	model	for	the	study	of	genomic	variation	under	domestication.
K E Y W O R D S
genetic	bottleneck,	ornamental	crop,	phenotypic	diversity,	plant	domestication,	population	
structure
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cost.	This	 level	 of	 efficiency	 is	 essential	when	 studying	nonmodel	
organisms	 of	 low	 economic	 importance	 for	 which	 whole	 genome	
resequencing	may	be	cost	prohibitive.	Using	single	nucleotide	poly-
morphisms	 (SNPs)	 obtained	 through	GBS,	we	 characterized	 a	 col-
lection	of	wild	and	cultivated	S. speciosa	individuals	to	measure	the	







2  | MATERIAL S AND METHODS
2.1 | Plant material
We	analyzed	 a	 collection	 of	 115	 individuals	 classified	 in	 the	 tribe	
















four	 semidomesticated,	 and	 three	 F1	 individuals	 produced	 in	 the	
Virginia	Tech	School	of	Plant	and	Environmental	Sciences	(VA,	USA)	
greenhouse	 (Table	 S1).	 The	 semidomesticated	 group	 consisted	 of	
old	cultivated	material	of	generally	wild	appearance,	but	with	larger	
F I G U R E  1  Floral	diversity	in	wild	and	cultivated	accessions	of	Sinningia speciosa.	Flowers	of	four	wild	collections	from	Brazil	(a–d):	S. 
speciosa“Pedra	Lisa”	(a);	‘São	Conrado’	(b);	“Avenida	Niemeyer”	(c);	and	“Chiltern	Seeds”	(d).	Hand‐colored	botanical	prints	from	the	19th	
century	(e–h):	the	first	known	image	of	Gloxinia speciosa	(Loddiges	1817)	(e);	the	first	S. speciosa	cultivar	with	peloric	flowers,	G. Fyfiana,	
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flowers.	 The	F1	 individuals	were	 included	 in	 the	 study	 as	 controls	
for	the	population	structure	analysis;	one	was	the	result	of	a	cross	
between	 a	 cultivated	 and	 a	wild	 form	 (Búzios	 ×	 “Empress”),	while	
the	other	 two	were	 full‐sibs	generated	 from	a	cross	between	 two	
commercial	cultivars	(“Love	Potion”	×	“Good	Morning”).	The	remain-









was	prepared	 from	100	ng	of	genomic	DNA	digested	with	 the	 re-
striction	enzyme	ApeKI	(NEB)	for	2	hr	at	75°C.	The	reactions	con-
tained	10	μl	gDNA	solution	(10	ng/μl),	1	μl	ApeKI	(5	U/μl),	2	μl 10X 
NEBuffer	 3.1	 (NEB)	 and	 7	μl	 ddH2O.	 Illumina	 adapters	were	 then	
attached	with	T4	DNA	ligase	(NEB)	by	 incubation	for	2	hr	at	22°C	
followed	by	 30	min	 at	 65°C	 to	 inactivate	 the	 ligase.	 Each	 ligation	
reaction	 contained	20	μl	 digested	 gDNA,	6	μl	 adapter	 stock	 solu-
tion	(0.6	ng/μl,	 included	both	common	and	barcode	adapters),	5	μl 
ligase	buffer	(10X,	NEB),	1.6	μl	T4	DNA	ligase	(400	U/μl),	and	17.4	μl 
ddH2O.	Subsequently,	5	μl	 aliquots	 from	each	 library	were	pooled	
and	purified	using	the	Monarch	PCR	&	DNA	Cleanup	Kit.	Libraries	
were	 amplified	 by	PCR	 in	 reactions	 containing	 2	 of	 the	 pooled	 li-
braries	(15	ng/μl),	25	μl	Taq	Master	Mix	(2×,	NEB),	1	μl	forward	and	







V1.	Finally,	 the	 size	distribution	of	DNA	 fragments	 in	 the	 libraries	
was	confirmed	using	the	Agilent	2100	Bioanalyzer	system	(Agilent	
Genomics).	The	GBS	libraries	were	sequenced	with	two	Illumina	sin-
gle‐end	 runs	 at	 the	Duke	Center	 for	Genomic	 and	Computational	
Biology.	The	first	run	(33	samples)	was	sequenced	with	100	cycles	
on	 the	 Illumina	HiSeq	2500	 (Rapid	Run),	while	 the	second	run	 (82	
samples)	was	sequenced	with	75	cycles	on	the	Illumina	NextSeq	500	
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instrument	 (both	 at	 the	Duke	University	 Center	 for	Genomic	 and	
Computational	Biology).
2.3 | Read processing and SNP calling
The	 fastq	 files	were	demultiplexed,	 and	 adapter	 sequences	were	
removed	using	CUTADAPT	V1.13	 (Martin,	2011).	The	reads	were	
then	processed	with	FASTQ‐MCF	V1.04.807	 (Aronesty,	2013)	 to	
perform	 base	 trimming,	 removing	 bases	 with	 quality	 scores	 <30	




&	 Salzberg,	 2012).	 We	 used	 FREEBAYES	 V0.9.20	 (Garrison	 &	
Marth,	2012)	with	the	default	parameters	 to	call	variants;	we	re-
tained	only	bi‐allelic	SNPs	using	BCFTOOLS	V1.3.1	(Li	et	al.,	2009)	
and	 discarded	 individual	 variants	 with	 quality	 below	 30	 (phred‐
scaled	quality	score	for	the	assertion	made	on	the	alternative	allele)	
and	depth	 less	 than	10	using	VCFFILTER	V1.0.0	 (Garrison,	2016).	
Finally,	 we	 removed	 SNPs	 with	 missing	 data	 using	 VCFTOOLS	
V0.1.12	(Danecek	et	al.,	2011).
2.4 | Population structure and genetic diversity
We	analyzed	 population	 structure	 using	 three	 different	 clustering	
approaches:	(a)	principal	component	analysis	(PCA)	based	on	genetic	
distances;	 (b)	 maximum	 likelihood	 estimation	 of	 population	mem-
bership	using	ADMIXTURE	V1.3.0	(Alexander,	Novembre,	&	Lange,	
2009);	and	(c)	the	Bayesian‐based	clustering	method	as	implemented	
in	 FINESTRUCTURE	V2.0.7	 (Lawson,	Hellenthal,	Myers,	&	 Falush,	






models	 the	 probability	 of	 each	 genotype	 using	 ancestry	 propor-
tions	 and	 population	 allele	 frequencies,	 but	 requires	 a	 predefined	
number	 of	 populations	 (K).	 The	 optimal	 K	was	 chosen	 by	 running	
ADMIXTURE’s	 standard	 cross‐validation	 procedure	 for	 values	
from	1	to	10,	with	each	one	tested	10	times	using	different	random	
seeds.	FINESTRUCTURE	uses	a	 ‘“chromosome	painting”’	approach	
that	 takes	 into	 account	 the	 relative	 positions	 of	 SNPs	 to	 define	
the	 haplotypes	 that	 are	 donated/received	 across	 individuals.	 This	











of	 individuals	 from	which	 fresh	 tissue	was	 available.	 Each	 speci-
men	 was	 replicated	 three	 times	 using	 Nicotiana benthamiana	 as	
an	internal	standard	(1C	value	=	3.2	pg).	Nuclei	were	extracted	by	
chopping	young	tissue	from	both	the	test	sample	and	the	reference	
(50	mg	 fresh	 tissue	 from	each)	 together	 in	1	ml	De	Laat's	buffer	
(de	 Laat	 &	 Blaas,	 1984).	We	 also	 analyzed	 each	 sample	 and	 the	
reference	separately	to	confirm	the	individual	peaks.	After	chop-
ping,	 the	 sample	 slurries	were	passed	 through	a	30	µm	CellTrics	
















3.1 | Alignment and SNP calling
The	tribe	Sinningieae	had	previously	been	divided	into	five	clades	




initially	 included	 128	 individuals	 distributed	 across	 the	 larger	
clades	 Dircaea,	 Corytholoma,	 and	 Sinningia.	 Thirteen	 samples	
were	excluded	from	the	analysis	because	of	insufficient	data	(less	
than	750,000	reads).	The	remaining	115	individuals	averaged	>4	
million	 aligned	 reads	 each.	 The	 genome	 of	 S. speciosa	 that	 we	
used	as	 reference	 for	 read	alignment	belongs	 to	 the	wild	acces-
sion	“Avenida	Niemeyer”.	At	present,	the	assembly	contains	395.6	
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3.2 | Population structure
We	 examined	 the	 population	 structure	 by	 using	 PCA	 on	 genetic	




clades	 (Figure	 3a).	 The	 first	 component	 (79.3%)	mostly	 separated	
the	Sinningia	clade	 from	Corytholoma	and	Dircaea,	while	 the	sec-
ond	component	(13.1%)	separated	the	latter	two.	As	expected,	the	
artificial	 hybrids	 fell	 between	 their	 parental	 species.	 For	 example,	
the	hybrid	“Yma”,	was	located	between	its	progenitors	S. bullata and 
S. muscicola.	 Similarly,	 “Apricot	 Bouquet”	was	 positioned	 between	
the	three	species	reported	to	be	in	its	background	‐	S. aggregata,	S. 
warmingii,	and	S. tubiflora. XSinvana	'Mount	Magazine',	a	hybrid	be-
tween	Paliavana tenuiflora and S. conspicua	(Becker,	2008),	was	po-
sitioned	between	P. prasinata	(a	close	relative	of	P. tenuiflora)	and	S. 
conspicua.	Other	unnamed	F1	hybrids	included	the	crosses	S. bullata 






























accessions	almost	perfectly.	 In	agreement	with	 the	PCA,	 “Avenida	
Niemeyer”	 and	 “WT01”	 were	 associated	 with	 the	 domesticated	
group.	In	fact,	“Diego	Pink”	and	“NT‐Milye	Vesnushki”	were	the	only	






groups,	 while	 all	 the	 commercial	 cultivars	 remained	 together	 and	
maintained	 the	 connection	with	 “Avenida	Niemeyer”	 and	 “WT01”.	
At	K	=	4,	the	domesticated	group	split	into	two	subgroups.	The	first	
subgroup	included	the	semidomesticated	types	and	older	cultivars	
which	 remained	 directly	 associated	 with	 “Avenida	 Niemeyer”	 and	
“WT01”.	Newer	cultivars	 clustered	 in	 the	 second	 subgroup,	possi-
bly	due	to	significant	differentiation	that	occurred	after	additional	
cycles	of	breeding.




groups	 of	 individuals.	 For	 instance,	 it	 perfectly	 separated	 all	 the	
wild	 accessions	 from	 different	 locations	 into	 individual	 popula-
tions.	 It	 also	 clustered	 together	 all	 four	 individuals	 from	 the	 culti-
var	“Empress”	into	a	single	population,	as	well	as	most	“Bristol”	type	
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cultivars	(which	originated	from	a	single	breeder)	into	a	single	clus-
















dataset	 as	 previously	 reported	 by	 Zaitlin	 and	Pierce	 (2010),	 had	
a	 genome	 size	 estimated	 at	 742.7	Mbp	 (±1.0	 SE)	which	 is	 about	
twice	 the	 average	 estimated	 genome	 size	 for	 S. speciosa	 (395.1	
Mbp).	 Although	 the	 size	 estimates	 of	 all	 other	 S. speciosa indi-








et	 al.,	 2014),	 which	 forces	 researchers	 to	 either	 utilize	 sophisti-
cated	imputation	methods	or	to	include	variants	with	some	degree	
of	missing	information	in	their	analyses.	This	is	often	problematic,	
because	 population	 genetic	 estimates	 of	 commonly	 used	 statis-







were	 able	 to	 cleanly	 separate	 the	 three	main	 clades	 in	 the	 tribe	
and	make	sense	of	reported	interspecific	hybrids.	Nonetheless,	to	




attributed	 to	 the	 reduced	number	of	 samples	and	 the	closer	ge-
netic	 relationships	 among	 them	 and	 to	 the	 reference	 genome,	
factors	 that	 improve	 the	 consistency	 of	 the	 alignments	 and	 the	
number	 of	 common	 sites	 respectively.	Although	 the	 fragmented	
F I G U R E  4  Population	structure	of	Sinningia speciosa	based	on	proportions	of	ancestral	clusters	estimated	with	ADMIXTURE.	The	
number	of	clusters	(K	=	2–4)	were	chosen	through	cross‐validation	from	K	=	1	to	10





4.2 | Cultivated S. speciosa; single or multiple 
species?
The	relatively	short	period	of	 time	 in	which	S. speciosa	has	been	
subjected	 to	 cultivation	 and	 breeding	 has	 produced	 numerous	
phenotypic	 variations	 that	 are	 unknown	 in	 natural	 populations.	
In	 less	 than	 two	 hundred	 years,	 the	 flowers	 have	 diverged	with	
respect	to	size,	shape,	color,	and	corolla	pattern,	as	well	as	in	the	
number	of	stamens,	petals,	and	petal	whorls.	Furthermore,	most	
of	 these	 changes	were	 introduced	within	 the	 first	 four	 decades	
of	cultivation	(Zaitlin,	2011).	Comparable	levels	of	human‐induced	
phenotypic	 variation	 have	 been	 introduced	 in	 other	 ornamental	
flowering	 crops.	 However,	 such	 crops	 have	 often	 gone	 through	
longer	 periods	 of	 cultivation	 and/or	 complex	 interspecies	 hy-
bridization	 schemes.	 Roses,	 for	 example,	 have	 been	 cultivated	
for	~5,000	years,	during	which	 time	seven	or	more	species	with	
different	 levels	of	ploidy	were	cross‐pollinated	 to	create	 the	ge-
nomes	 of	 contemporary	 roses	 (Bombarely,	 2018;	 Martin,	 Piola,	
Chessel,	 Jay,	 &	 Heizmann,	 2001).	 Lilies,	 tulips,	 and	 amaryllis	
(Christenhusz	et	al.,	2013;	Meerow,	2009;	van	Tuyl	&	Arens,	2011)	
are	three	other	examples	of	highly	hybridized	ornamental	plants.	
Despite	 the	 short	 time	 frame	 in	 which	major	 aesthetic	 changes	
were	 introduced	 into	S. speciosa,	we	 found	no	evidence	of	 inter-
specific	hybridization	events	that	could	conceivably	accelerate	the	
process.	 Early	 reports	 of	multiple	 hybridizations	 include	 crosses	
between	Gloxinia speciosa,	G. candida,	G. maxima,	and	G. caulescens 
(Burbidge,	1877;	Harrison,	1847;	Paxton,	1838),	 all	 of	which	are	
today	considered	 to	be	synonyms	of	S. speciosa.	Allegedly,	 some	
or	all	of	 these	 formerly	distinct	 (and	 illegitimate)	 species	 feature	
in	the	genetic	background	of	Gloxinia	“Fyfiana”,	the	first	reported	
plant	 with	 actinomorphic	 flowers	 that	 was	 bred	 in	 Scotland	 in	
1844‐45	(Fyfe,	1879;	Harrison,	1847).	This	particular	cultivar	oc-
cupies	 an	 important	 place	 in	 the	 history	 of	 S. speciosa,	 because	
most	 modern	 cultivars	 have	 inherited	 their	 distinctive	 flower	
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S. speciosa	 (SsCYC).	The	wild‐type	allele	of	this	and	related	genes	
are	responsible	for	suppressing	growth	in	the	dorsal	organs	of	wild	
zygomorphic	 flowers	 such	 as	 S. speciosa and Antirrhinum majus 




The	homozygous	Gloxinia	 “Fyfiana”	was	 then	postulated	 to	have	
arisen	in	1844	after	a	backcross	to	the	original	heterozygous	form	
of	G. caulescens.	 According	 to	 this	 reconstruction,	 the	mutation	
remained	undetected	for	12	to	24	years	in	the	heterozygous	form,	




of	G.	 “Fyfiana”	 (Harrison,	 1847),	 and	 subsequent	 self‐pollination	
could	 have	 then	 generated	 homozygous	 progeny	 expressing	 the	
actinomorphic	 phenotype	 in	 the	 first	 generation.	Unfortunately,	
the	precise	origin	of	the	mutation	in	SsCYC	may	be	lost	to	history.	
The	originator	of	G.	“Fyfiana”,	John	Fyfe,	published	a	short	article	
where	 he	 stated:	 “…	 the	 parent	 plant	 of	 Gloxinia	 Fyfiana	 was	
profusely	 dusted	with	 the	 pollen	of	Digitalis purpurea	 (foxglove),	


















FINESTRUCTURE	 indicate	that	 the	wild	 form	“Avenida	Niemeyer”,	
collected	 in	1975	from	a	population	along	the	coastal	road	of	that	
name	 in	 the	southern	part	of	Rio	de	Janeiro,	 is	 the	closest	known	
wild	 relative	 of	 the	 modern	 and	 semidomesticated	 cultivars.	 Our	
findings	are	in	agreement	with	the	results	of	Zaitlin	(2012)	who	used	
amplified	 fragment	 length	 polymorphisms	 (AFLPs)	 in	 combination	
TA B L E  2  Estimates	of	genetic	diversity
Group N S 흅 휽w
Domesticated 29 9,303 0.00102 0.00126
Semidomesticated 4 2,874 0.00087 0.00070
Wild 22 21,430 0.00162 0.00309
Test	crosses 3 3,999 0.00104 0.00110
F I G U R E  6  Genome	sizes	in	individual	plants	across	the	tribe	Sinningieae	from	which	fresh	leaf	tissue	was	available.	Red:	domesticated	S. 
speciosa,	Blue:	wild	S. speciosa,	Green:	other	species	in	Sinningia,	Purple:	hybrids














the	 southern	 border	 of	 the	 state	 of	 Espírito	 Santo	 (Zaitlin,	 2012).	
Both	of	our	“Cardoso	Moreira”	samples	(purple‐	and	pink‐flowered	
forms)	clustered	together	with	"São	Fidelis",	an	accession	that	was	
collected	 30–40	 km	 from	 the	 “Cardoso	Moreira”	 population,	 vali-
dating	its	geographical	origin.	The	results	from	this	and	other	stud-
ies,	 combined	with	 the	 absence	of	 records	 for	 early	 collections	 in	
the	northern	part	of	Rio	de	 Janeiro	 state	 and	 the	 fact	 that	plants	
from	 the	Cardoso	Moreira	 population	 grow	quite	 tall	 (rather	 than	
as	rosettes),	steer	us	away	from	considering	“Cardoso	Moreira”	as	a	
potential	founder.	Several	studies	have	previously	shown	that	single	





proach	 for	 each	 population	 that	 is	 usually	 employed	 in	 “classical”	
population	 genetics	 studies.	 Instead	 we	 sampled	 a	 single	 or	 few	
representatives	of	several	wild	and	breeding	populations	to	perform	
comparisons	across	these	two	groups.	A	general	concern	is	whether	

















loss	 in	 genetic	 diversity	 can	 be	 attributed	mainly	 to	 two	 reasons.	
First,	 there	 is	 a	 strong	 founder	effect	driven	by	 the	 small	number	






















mestication	 through	 whole‐genome	 duplications	 (Salman‐Minkov,	
Sabath,	&	Mayrose,	 2016)	 and	 transposon	expansions	 (Chia	 et	 al.,	
2012).	 Although	we	 did	 not	 count	 chromosomes	 to	 confirm	 poly-
ploidy	 in	 our	 samples,	 we	 identified	 a	 semidomesticated	 cultivar,	
“Dona	 Lourdes”,	 in	which	 the	 genome	 size	 is	 approximately	 twice	
that	of	 the	wild‐type	genomes	and	 is	 thus	 likely	 to	be	a	tetraploid	
(Figure	5).	This	cultivar	and	“Guatapara”	are	the	only	two	reported	
cases	of	potential	polyploidy	 in	S. speciosa	 (Zaitlin	&	Pierce,	2010).	
Such	a	low	frequency	of	genome	duplications	among	cultivars	pro-
vides	no	evidence	of	positive	 selection	during	domestication.	The	
effects	 of	 subtle	 changes	 in	 genome	 size	 resulting	 from	 increases	
in	transposable	element	content	are	much	more	difficult	to	detect	








along	 with	 a	 selective	 sweep,	 drove	 a	 strong	 genetic	 bottleneck	




























T.H.	 designed	 the	 experiments,	 collected	 the	 accessions	 for	 the	
biodiversity	panel,	grew	the	plants,	performed	the	flow	cytometry	





sity	 panel,	 growing	 plants,	 isolating	DNA,	 and	 the	 experimental	




DATA AVAIL ABILIT Y S TATEMENT
DNA	 sequences	 as	 raw	 reads	 can	 be	 found	 at	 NCBI	 under	 the	
BioProject	PRJNA552788.
ORCID
Aureliano Bombarely  https://orcid.org/0000‐0001‐6257‐8914 






nonrandom	 haplotype	 sampling.	 Molecular Ecology,	 22(11),	 3179–
3190.	https	://doi.org/10.1111/mec.12276	
Aronesty,	E.	 (2013).	Comparison	of	sequencing	utility	programs.	The Open 
Bioinformatics Journal.	https	://doi.org/10.2174/18750	36201	30701	0001
Baute,	G.	J.,	Kane,	N.	C.,	Grassa,	C.	J.,	Lai,	Z.,	&	Rieseberg,	L.	H.	(2015).	
Genome	 scans	 reveal	 candidate	 domestication	 and	 improvement	
genes	 in	 cultivated	 sunflower,	 as	 well	 as	 post‐domestication	 in-
trogression	 with	 wild	 relatives.	 New Phytologist,	 206(2),	 830–838.	 
https	://doi.org/10.1111/nph.13255	
Becker,	J.	(2008).	Gesneriad	register.	Gesneriads,	58(3),	44–51.
Bombarely,	 A.	 (2018).	 Roses	 for	 darwin.	Nature Plants,	4(7),	 406–407.	
https	://doi.org/10.1038/s41477‐018‐0195‐9
Brackenridge,	W.	D.	(1886).	A	chapter	in	the	secret	history	of	the	glox-






Their propagation and improvement	 (pp.	 331–339).	 Edinburgh	 and	
London:	William	Blackwood	and	Sons.
Chia,	J.‐M.,	Song,	C.,	Bradbury,	P.	J.,	Costich,	D.,	de	Leon,	N.,	Doebley,	
J.,	 …Ware,	 D.	 (2012).	 Maize	 HapMap2	 identifies	 extant	 variation	
from	a	genome	in	flux.	Nature Genetics,	44(7),	803–807.	https	://doi.
org/10.1038/ng.2313
Christenhusz,	M.	 J.	M.,	Govaerts,	R.,	David,	 J.	C.,	Hall,	 T.,	Borland,	K.,	
Roberts,	 P.	 S.,	 …Fay,	M.	 F.	 (2013).	 Tiptoe	 through	 the	 tulips	 ‐	 cul-
tural	 history,	 molecular	 phylogenetics	 and	 classification	 of	 Tulipa	





M.	 A.,	 …Durbin,	 R.	 (2011).	 The	 variant	 call	 format	 and	 VCFtools.	
Bioinformatics,	 27(15),	 2156–2158.	 https	://doi.org/10.1093/bioin	
forma	tics/btr330
Darwin,	C.	(1868).	The variation of animals and plants under domestication. 
London:	John	Murray.
deLaat,	 A.	M.	M.,	&	Blaas,	 J.	 (1984).	 Flow‐cytometric	 characterization	
and	sorting	of	plant	chromosomes.	Theoretical and Applied Genetics,	
67(5),	463–467.	https	://doi.org/10.1007/BF002	63414	
Dong,	Y.,	Liu,	J.,	Li,	P.,	Li,	C.,	Lu,	T.,	Yang,	X.,	&	Wang,	Y.	(2018).	Evolution	
of	Darwin’s	peloric	gloxinia	 (Sinningia speciosa	 )	 is	 caused	by	a	null	
mutation	in	a	pleiotropic	TCP	gene.	Molecular Biology and Evolution,	
38(8),	1901–1915.	https	://doi.org/10.1093/molbe	v/msy090
Doyle,	 J.	 J.,	&	Doyle,	 J.	L.	 (1987).	A	 rapid	DNA	 isolation	procedure	 for	
small	quantities	of	fresh	leaf	tissue.	Phytochemical Bulletin,	19,	11–15.
Elshire,	R.	J.,	Glaubitz,	J.	C.,	Sun,	Q.,	Poland,	J.	A.,	Kawamoto,	K.,	Buckler,	







Garrison,	 E.,	 &	 Marth,	 G.	 (2012).	 Haplotype‐based	 variant	 detection	







Cabinet and Florist’s Magazine,	15,	49–51.
Hooker,	 W.	 J.	 (1842).	 Gloxinia	 speciosa;	 var.	 macrophylla,	 variegata.	
Rough	 Gloxinia;	 large	 variegated‐leaved	 var.	 Curtis’s Botanical 
Magazine,	15,	Plate	3934.
12  |     HASING et Al.
Huang,	X.,	Kurata,	N.,	Wei,	X.,	Wang,	Z.‐X.,	Wang,	A.,	Zhao,	Q.,	…Han,	
B.	(2012).	A	map	of	rice	genome	variation	reveals	the	origin	of	cul-
tivated	 rice.	Nature,	 490(7421),	 497–501.	 https	://doi.org/10.1038/
natur	e11532









future	of	domestication	studies.	Proceedings of the National Academy 






R.	 (2009).	 The	 sequence	 alignment/map	 format	 and	 SAMtools.	
Bioinformatics,	 25(16),	 2078–2079.	 https	://doi.org/10.1093/bioin	
forma	tics/btp352





allelic	 composition	 of	 the	 rose	 complex.	 Theoretical and Applied 
Genetics,	 102(2–3),	 398–404.	 https	://doi.org/10.1007/s0012	
20051660
Meerow,	 A.	W.	 (2009).	 Tilting	 at	 windmills:	 20	 years	 of	 Hippeastrum	






Meyer,	 R.	 S.,	 &	 Purugganan,	 M.	 D.	 (2013).	 Evolution	 of	 crop	 species:	
Genetics	 of	 domestication	 and	 diversification.	 Nature Reviews. 
Genetics,	14(12),	840–852.	https	://doi.org/10.1038/nrg3605
Paxton,	 J.	 (1838).	 Gloxinia	 maxima.	 Paxton’s Magazine of Botany, and 
Register of Flowering Plants,	5,	219–220.
Paxton,	 J.	 (1846).	 Gloxinia	 passinghamii	 (Mr.	 Passingham’s	 Gloxinia).	
Paxton’s Magazine of Botany, and Register of Flowering Plants,	 12,	
267–268.
Perret,	 M.,	 Chautems,	 A.,	 &	 Spichiger,	 R.	 (2006).	 Dispersal‐vicariance	
analysis	 in	 the	 tribe	 Sinningieae	 (Gesneriaceae):	 A	 clue	 to	 under-
standing	the	biogeographical	history	of	the	Brazilian	atlantic	forest.	
Annals of the Missouri Botanical Garden,	93(2),	340–358.	https	://doi.
org/10.3417/0026‐6493(2006)93[340:DAITT	S]2.0.CO;2
Perret,	M.,	Chautems,	A.,	Spichiger,	R.,	Kite,	G.,	&	Savolainen,	V.	(2003).	
Systematics	 and	 evolution	 of	 tribe	 Sinningieae	 (Gesneriaceae):	
Evidence	from	phylogenetic	analyses	of	six	plastid	DNA	regions	and	








Murphy	(Ed.),	Phylogenomics. Methods in Molecular Biology	(pp.	1–12).	
Totowa,	NJ:	Humana	Press.
Salman‐Minkov,	A.,	Sabath,	N.,	&	Mayrose,	I.	(2016).	Whole‐genome	du-





tories.	G3 (Bethesda, MD),	2(7),	 803–814.	 https	://doi.org/10.1534/
g3.112.002410
vanTuyl,	J.	M.,	&	Arens,	P.	(2011).	Lilium:	Breeding	History	of	the	Modern	





Zaitlin,	 D.(2012).	 Intraspecific	 diversity	 in	 Sinningia	 speciosa	
(Gesneriaceae:	 Sinningieae),	 and	 possible	 origins	 of	 the	 cultivated	
Florist's	Gloxinia.	AoB PLANTS,	2012,	https	://doi.org/10.1093/aobpl	
a/pls039
Zaitlin,	 D.,	 &	 Pierce,	 A.	 J.	 (2010).	 Nuclear	 DNA	 content	 in	 Sinningia	




Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.	
How to cite this article:	Hasing	T,	Rinaldi	E,	Manrique	S,	et	al.	
Extensive	phenotypic	diversity	in	the	cultivated	Florist’s	
Gloxinia,	Sinningia speciosa	(Lodd.)	Hiern,	is	derived	from	the	
domestication	of	a	single	founder	population.	Plants, People, 
Planet. 2019;00:1–12. https	://doi.org/10.1002/ppp3.10065	
